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ABSTRACT

In recent years, single-image super-resolution (SR) recon-

struction has aroused wide attention. Massive SR enhance-

ment algorithms have been proposed. However, much less

work has been down on the perceptual evaluation of SR

enhanced images and the corresponding enhancement algo-

rithms. In this work, we create a Super-resolution Recon-

structed Image Database (SRID), which consists of images

produced by two interpolation methods and six popular S-

R image enhancement algorithms at different amplification

factors. Then, subjective experiment is conducted to collect

the subjective scores by using the single-stimulus method.

The performances of the SR image enhancement algorithms

are then evaluated by the obtained subjective scores. Finally,

the performances of the general-purpose no-reference (NR)

image quality metrics are investigated on the SRID database.

This study shows that it is difficult for the state-of-the-art NR

image quality metrics to predict the quality of SR enhanced

images.

Index Terms— Super-resolution reconstruction, Image

quality assessment, Database, No-reference.

1. INTRODUCTION

Image super-resolution (SR) is to estimate a high-resolution

(HR) image using one or several low-resolution (LR) im-

ages from a real scene [1]. The technique has a wide range

of applications, including computer vision, medical and re-

mote sensing imaging, video surveillance, and entertainmen-

t. Therefore, it has attracted much attention in recent two

decades. With substantial SR image enhancement algorithms

proposed, a problem that how to find out the best SR image

enhancement algorithms is presented.

With the rapid advances of SR image enhancement, the

relevant quality assessment of SR enhanced images should al-
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so be taken into consideration. In practice, the classical peak

signal-to-noise-ratio (PSNR) and the structural similarity (S-

SIM) index [2] are usually used to evaluate the quality of SR

enhanced images. However, the difficulty lies in the fact that

a perfect quality HR image is unavailable to compare with in

real-world scenarios. As a result, the common full-reference

(FR) approaches [2, 3, 4, 5] are not readily applicable. With

this consideration, it is necessary to study the performance of

the existing NR image quality metrics on SR enhanced im-

ages.

To answer the aforementioned problems systematical-

ly, we establish a Super-resolution Reconstructed Image

Database (SRID), which includes images produced by two

interpolation methods and six popular SR image enhance-

ment algorithms at different amplification factors. The per-

formances of two interpolation methods and six popular SR

image enhancement algorithms are evaluated based on the

result of the subjective experiment, which is performed using

the single-stimulus method. Finally, the performances of the

state-of-the-art NR image quality metrics are evaluated based

on the SRID database. The experimental results show that

the existing metrics are only moderately correlated with the

subjective ratings.

2. SUPER-RESOLUTION RECONSTRUCTED
IMAGE DATABASE (SRID)

A SRID database is built to evaluate the performances of two

interpolation methods, six popular SR image enhancement al-

gorithms and the existing NR image quality metrics.

2.1. Selection of Images and SR Algorithms

Twenty LR natural images with diversified contents are s-

elected, which include animal, natural scenery, building,

human, etc. These LR images are shown in Fig. 1. T-

wo interpolation algorithms and six SR image enhancement

algorithms are used to generate the HR images, including

Nearest Interpolation, Bicbuic Interpolation [6], Iterative



Fig. 1. Twenty LR images used to build the database.

Curvature-based Interpolation (ICBI) [7], Coupled Dictio-

nary Training for Image Super-Resolution (SCSR) [8], Gaus-

sian Process Regression for Super-Resolution (GPRSR) [9],

Adaptive Gradient Magnitude Self-Interpolation for Edge-

Directed Single-Image Super-Resolution (AGMSSR) [10],

Local Fractal Analysis of Gradient for Single-Image Super-

Resolution (LFAGSR) [11], and Fuzzy-Rule-Based Approach

for Single-Frame Super-Resolution (FRBSR) [12]. In order

to generate HR images with different distortion levels, the

LR images are processed using the two interpolation methods

and six SR enhancement algorithms with three different am-

plification factors, namely 2, 4 and 8. Finally, the HR images

constitutes the SRID 1 database.

The SR enhanced lena images shown in Fig. 2 are en-

hanced by Bicbuic Interpolation [6], GPRSR [9] and FRBSR

[12]. It can be seen from the figure that the quality of the SR

enhanced images degrades in accordance with the increase of

amplification factors. The SR reconstructed images are usual-

ly corrupted by multiple distortions, which include blur, ring-

ing, and local texture unnaturalness. Therefore, it is difficult

for distortion-specific image quality evaluation models to e-

valuate the quality of SR reconstructed images [13, 14].

2.2. Subjective Experiment

Due to the lack of ground truth as the reference image in re-

al applications, the single-stimulus (SS) has been employed

according to International Telecommunications Union (ITU)

recommendation [15]. The SS method has been recently used

in building databases of deblocked images [16]. Twenty non-

expert subjects participated in the subjective experiment (all

without visual impairment). Their ages range from 20 to 30.

All SR enhanced images displayed in their original resolu-

tions are shown to the participants in random order. At the

beginning of the subjective experiment, the range of quali-

ty levels was illustrated through a set of training examples.

A MATLAB graphical user interface (GUI) is developed to

perform the subjective test, which is shown in Fig. 3. The

subjective score can be automatically saved in a sheet after

pressing the Submit button.

1We will make the database freely public to the research community.

Fig. 2. An example of SR reconstructed images. (a), (b) and (c)

are reconstructed via Bicbuic Interpolation [6]. (d), (e) and (f) are

reconstructed via GPRSR [9]. (g), (h) and (i) are reconstructed via

FRBSR [12].

Fig. 3. Graphical user interface used to rate image quality.

2.3. Processing and Analysis of Subjective Scores

In order to obtain accurate subjective ratings, we remove the

maximum and minimum scores for each image. Then, the

mean opinion score (MOS) is computed as the final ground

truth of image quality.

The histogram distribution of the MOS values are shown

in Fig. 4. It can be found from the figure that the MOS values

cover the whole range. This indicates that the SRID contains

SR reconstructed images with different distortion levels.

Considering the effect of subjective tests, two common

metrics are employed to evaluate the performance of the sub-



Fig. 4. Histogram distribution of the MOS values.

Fig. 5. PLCC and SRCC between the subjective scores and the

MOS values.

jective experiment. The first is the Spearmans rand-order cor-

realation coefficient (SRCC) between the subjective scores

and the MOS values. SRCC measures the prediction mono-

tonicity. The second metric is the Pearson linear correla-

tion coefficient (PLCC) between the subjective scores and the

MOS values following a nonlinear regression. The nonlinear

regression used is as follows [17]:

f(x) = τ1(
1

2
− 1

1 + eτ2(x−τ3)
) + τ4x+ τ5, (1)

where τi, i = 1, 2, 3, 4, 5 are the parameters to be fitted.

Fig. 5 shows the PLCC and SRCC values between the

subjective scores and the MOS values. The PLCC and SRCC

in the rightmost column are computed between the average of

all subjective scores and the MOS values. It is worth noting

that all PLCC and SRCC values are higher than 0.9, which

Fig. 6. Average MOS values for two interpolation methods and six

popular SR image enhancement algorithms.

indicates that the subjects are quite consistent in rating the

qualities of the images.

3. PERFORMANCE EVALUATION OF SR IMAGE
ENHANCEMENT ALGORITHMS

Each image is processed by two interpolation methods and six

popular SR image enhancement algorithms at different ampli-

fication factors. If the SR reconstructed images have higher

subjective scores, the corresponding SR image enhancement

algorithm has better performance, vice versa. Therefore, the

performances of the SR image enhancement algorithms can

be evaluated by systematacially analyzing the results of the

subjective test. Since the SRID contains images with three d-

ifferent amplification factors, i.e. 2, 4 and 8, we calculate the

average MOS values for each amplification factor and across

all amplification factors to evaluate the performances of the

eight approaches. The results are shown in Fig. 6.

It is observed from Fig. 6 that for two interpolation meth-

ods and six popular SR image enhancement algorithms, with

the rise of the amplification factors, the average MOS values

of the SR reconstructed images decrease accordingly.

In order to explicitly know the performance differences at

each amplification factor, we further rank the performances

of the two interpolation methods and six popular SR image

enhancement algorithms for the amplification factors of 2, 4

and 8, respectively. Table 1 lists the performance rankings of

two interpolation methods and six popular SR image enhance-

ment algorithms in three different amplification factors. The

overall performance rankings are also given. It is observed

from Table 1 that for all different amplifying factors, nearest

interpolation produces the worst results. Apart from the scal-

ing factor 2, ICBI [7] produces the best results. In most cases,

the overall performance rankings are similar to the results for

the amplification factors of 4 and 8.



Table 1. Performance rankings of two interpolation methods

and six popular SR image enhancement algorithms.

Algorithm 2* 4* 8* Overall

Nearest 8 8 8 8

Bicbuic [6] 4 6 5 5

ICBI [7] 2 1 1 1

SCSR [8] 3 5 6 4

GPRSR [9] 1 7 7 6

AGMSSR [10] 7 4 4 7

LFAGSR [11] 5 2 2 2

FRBSR [12] 6 3 3 3

Table 2. Performances of state-of-the-art NR image quality

metrics on SRID database.

Metrics PLCC SRCC RMSE

BRISQUE [18] 0.6738 0.6666 1.1953

NIQE [19] 0.5247 0.4759 1.3769

NFERM [20] 0.6011 0.6177 1.2927

BIQI [21] 0.4253 0.4336 1.2682

BLIINDS2[22] 0.3783 0.3687 1.4973

CORNIA [23] 0.6767 0.5985 1.1909
DESIQUE [24] 0.5253 0.5453 1.3763

DIIVINE [25] 0.4286 0.4826 1.4614

ILNIQE [26] 0.4136 0.4233 1.4729

SISBLIM [27] 0.6223 0.5965 1.2661

4. EVALUATION OF EXISTING NR-IQA METRICS

Since in real applications there is no ground truth that

could be used as a reference, only the existing state-of-

the-art NR image quality metrics are taken into consider-

ation in this study. The tested NR image quality metrics

include Blind/Referenceless Image Spatial QUality Evaluator

(BRISQUE) [18], Natural Image Quality Evaluator (NIQE)

[19], NR Free Energy based Robust Metric (NFERM) [20],

Blind Image Quality Index (BIQI) [21], Blind Image Integrity

Notator using DCT Statistics (BLIINDS2) [22], COdebook

Representation for No-reference Image Assessment (CORNI-

A) [23], Derivative Statistics-based Image QUality Evaluator

(DESIQUE) [24], Distortion Identification-based Image Veri-

ty and Integrity Evaluation (DIIVINE) Index [25], Integrated

Local Natural Image Quality Evaluator (ILNIQE) [26] and

SIx-Step BLInd Metric (SISBLIM) [27]. Three common-

ly used criteria are used to estimate the performances of

the quality metrics, which are SRCC, PLCC and root mean

square error (RMSE). The SRCC, PLCC and RMSE are

computed after a nonlinear mapping [17] between the ob-

jective and subjective scores. The experimental results are

summarized in Table 2, where the best results are marked in

boldface. It is easily observed that the existing NR image

quality metrics are quite limited in evaluating the quality

of SR reconstructed images. Although BRISQUE [18] and

CORNIA [23] deliver the best monotonicity and accuracy,

the SRCC and PLCC values are only around 0.6666 and

0.6767 respectively, which are far from ideal. Quality models

specifically designed for SR reconstructed images are still

needed.

5. CONCLUSION

In this paper, a database of SR reconstructed images has been

built. Then, the subjective experiment is carried out using

the single-stimulus method. The obtained MOS values are

then used to evaluate the performances of the two interpola-

tion methods and six popular SR image enhancement algo-

rithms. Finally, the performances of the popular NR image

quality metrics are evaluated on the SRID database. The ex-

perimental results shows that it is still quite limited for the

state-of-the-art quality metrics to predict the quality of SR re-

constructed images. This indicates that quality models specif-

ically designed for SR reconstructed images are highly need-

ed, which will be our future work.
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